Seven strains (G1 to G7) of soybean mosaic virus (SMV) and 3 resistance loci (Rsv1, Rsv3, and Rsv4) have been identified in soybean. The interaction of SMV strains and host resistance genes results in resistant (symptomless), susceptible (mosaic), or necrotic (leaf and stem necrosis) reactions. The necrotic reaction may be gene dosage dependent and influenced by temperature. Using a set of soybean isolines and hybrids containing homozygous or heterozygous alleles of rsv, Rsv1, Rsv1-n, Rsv3, or Rsv4, this study has explored the relationship of SMV-induced symptoms and resistance gene dosage at different temperatures. Results showed that SMV-inoculated plants carrying Rsv3 or Rsv4 were symptomless at both homozygous and heterozygous states at all temperature regimes. Threshold temperatures for symptoms changing from stem tip necrosis (STN) to mosaic were 30, 33, and 33°C in G7-inoculated homozygous genotypes V94-3971(Rsv1) and PI 96983 (Rsv1) and G1-inoculated V262 (Rsv1-n), respectively. However, at the heterozygous state, threshold temperature was 30°C in G7-inoculated V94-3971 Â Essex F 1 for the symptom change from STN to mosaic, 31°C in G7-inoculated Essex Â PI 96983 F 1 from STN to mixture of necrosis and mosaic (N-M), and 32°C in G1-inoculated V262 Â Essex F 1 from N-M to mosaic. Incomplete necrosis was observed in the heterozygous state in G1-inoculated V262 Â Essex F 1 and G7-inoculated PI 96983 Â Essex F 1 where necrotic and mosaic symptoms were mixed. High temperature (37°C) tends to mask the expression of mosaic symptoms in both homozygous and heterozygous plants. STN expression in response to temperature was affected by resistance gene, gene dosage, host genetic background, and specific SMV strains. Thus, Rsv3 and Rsv4 are a better choice as source of genetic resistance for breeding SMV-resistant cultivars.
Soybean mosaic virus (SMV), seed and aphid transmitted in a nonpersistent manner, is widely distributed around the world and causes substantial yield losses and seed-quality deterioration in soybean (Glycine max [L.] Merr.) (Hill 1999) . Plant reactions to SMV are classified as 3 distinct types: symptomless or with only local necrotic lesions on inoculated leaves (resistant, R), mosaic symptoms (susceptible, S), and systemic necrosis (N, necrotic lesions on upper noninoculated leaves, leaf vein and stem necrosis, or stem tip death) (Chen et al. 1991) . Based on the reaction pattern of differential soybean genotypes, SMV isolates can be classified into different strain groups. In Japan, 5 strains of SMV (A-E) were identified based on phenotypic symptoms on 4 soybean cultivars (Takahashi et al. 1980 ). In China, several different classification systems were proposed and used in different regions (Pu et al. 1982; Lu et al. 1985; Gai et al. 1989; Luo et al. 1990; Wang et al. 2003; Guo et al. 2005) . However, in the United States of America, a classification system established by Goodman (1979, 1982) has been widely utilized. In this system, 98 SMV isolates were grouped into 7 strains, G1 through G7, based on their virulence in a set of differential soybean genotypes, including 2 susceptible (Clark and Rampage) and 6 resistant cultivars (Buffalo, Davis, Kwanggyo, Marshall, Ogden, and York) . G1, the least virulent strain, did not infect any of the resistant cultivars. However, the most virulent strain G7 infected all cultivars tested and caused necrosis in Kwanggyo, Marshall, Ogden, and Buffalo and mosaic symptoms in Davis and York. This classification system has been recently updated by Chen and Choi (2008) .
Three independent resistance loci, Rsv1, Rsv3, and Rsv4, have been identified and each locus may have single or multiple alleles. Nine alleles have been reported at the Rsv1 locus: Rsv1 in PI 96983, Rsv1-t in Ogden (Kiihl and Hartwig 1979; Chen et al. 1991) , Rsv1-y in York (Roane et al. 1983; Chen et al. 1991) , Rsv1-k in Kwanggyo and Rsv1-m in Marshall (Buss et al. 1989; Chen et al. 1991 ), Rsv1-s in LR1 (Chen et al. 1993; Ma et al. 1995) , Rsv1-h in Suweon 97 (Chen et al. 2002) , Rsv1-r in Raiden (Chen et al. 2001) , and Rsv1-n in PI 507389 (Ma et al. 2003) . Alleles at the Rsv1 locus conferring a necrotic reaction to a specific strain in the homozygous state are dominant to alleles conferring resistant or susceptible reactions to the same strain, and alleles that are resistant in the homozygous state to a strain often exhibit necrosis when they occur in a heterozygote with a susceptible allele (Chen et al. 1994) . The Rsv3 locus confers a susceptible reaction to less virulent stains (G1, G2, G3, and G4), but a resistant reaction to more virulent strains (G5, G6, and G7) (Buss et al. 1999) . The Rsv4 locus conditions resistance to all 7 SMV strains in the early seedling stage but a delayed susceptible reaction at later development stage (Buss et al. 1997; Gunduz et al. 2004 ). However, Rsv3 and Rsv4 are completely dominant genes conferring non-necrotic reaction in either homozygous or heterozygous state.
Temperature played an important role in the symptomology of virus-induced plant mosaic, and there were 3 types of temperature responses (Johnson 1922) : hightemperature class (tobacco mosaic and pea bean mosaic), low-temperature class (potato mosaic and clover mosaic), and intermediate class (soybean mosaic). For SMV, 20-25°C was the optimal temperature for virus replication and movement; however, soybean mosaic symptom was inhibited at 26-28°C (Johnson 1922) . Conover (1948) also confirmed that soybean mosaic symptoms were very mild or not present in infected plants at 29.5°C, but the virus was still present in the plant and incubation period of SMV was affected by temperature. Ross (1970) concluded that seed mottling of SMV-infected plants was significantly influenced by temperature during flowering and especially early pod development, and exposure of infected plants to 20°C caused the greatest percentage of seed coat mottling. Using plants inoculated with the G1 strain at the flowering stage, Almeida (1995) subjected plants to 2 different day/night temperature regimes, 30°C (14 h)/26°C (10 h) and 26°C (14 h)/22°C (10 h). Results showed that seed-mottling rate and the relative virus content, measured by indirect enzymelinked immunosorbent assays (ELISA), were higher at the lower temperature regime.
Temperature was shown to have an impact on replication of SMV in resistant and susceptible plants (Mansky et al. 1991) . In resistant plants, coat protein of SMV still accumulated in trifoliolate leaves inoculated with an avirulent strain at the lower temperature, but the strain was undetected at high temperatures although infectious SMV was recovered from these leaves by a local lesion assay. However, temperature had no apparent effect on the accumulation of SMV coat protein in trifoliolate leaves of susceptible plants inoculated with virulent strain. Cho and Goodman (1979) indicated that necrosis caused by SMV in soybean was more visible on plants held in a growth chamber at 30 ± 1°C than on those held at 24 ± 1°C
, but no qualitative differences in reactions at the 2 temperature regimes were noted. Tu and Buzzell (1987) found that stem tip necrosis (STN) conditioned by Rsv3 in OX686 was changed to typical mosaic symptoms with few necrotic plants at 28°C. In a study using 2 isolines carrying Rsv1 and Rsv1-n, respectively, Zheng et al. (2005) reported that a constant temperature range for STN transition to mosaic symptoms was 32-33°C. The effects of higher day temperature on STN-mosaic changing could be reversed by lower night temperature in the different day/night temperature regimes and differences were observed between isolines carrying Rsv1 and Rsv1-n, respectively. However, there are no reports of temperature effects on expression of necrosis in plants carrying heterozygous resistance genes in response to specific SMV strains. Using a set of Essex isolines carrying Rsv1, Rsv1-n, Rsv3, and Rsv4 and their F 1 hybrids, this study investigated the effect of temperature on expression of SMV-induced symptoms associated with different resistance genes, gene dosage, host genetic background, and SMV strains.
Materials and Methods
Four Essex isolines and a set of differential genotypes for identification of SMV strains (Table 1) were provided by Dr Glenn R. Buss of Virginia Polytechnic Institute and State University. Four isolines, V94-3971(Rsv1), V262 (Rsv1-n), V229 (Rsv3), and V97-9003 (Rsv4), were derived from respective backcrosses of Essex (5) Â Epps (Rsv1), Essex (5) Â PI 507389 (Rsv1-n), Essex (5) Â L29 (Rsv3), and Essex (5) Â V94-5152 (Rsv4), respectively. Crosses of each isoline with Essex and PI 96983 Â Essex were made in the field to obtain F 1 seeds.
SMV strains G1 and G7 used in this study were kindly provided by Dr Sue Tolin of Virginia Polytechnic Institute and State University. Each SMV strain was maintained separately in the greenhouse by mechanical inoculation to susceptible soybean cultivar Essex or Lee 68. Leaves infected with each SMV strain were also stored in a freezer (À80°C) as a backup inoculum source. SMV strain identity was confirmed by inoculation on a set of differential soybean genotypes, including Essex, Lee68, PI 96983, Suweon 97, York, Kwanggyo, Raiden, Ogden, Marshall, PI 507389, L29, and V94-5152 (Cho and Goodman 1979; Chen et al. 2002; Ma et al. 2003; Gunduz et al. 2004; Zheng et al. 2005 ).
The experiment was conducted with a set of isoline genotypes, including V94-3971 (Rsv1), V262 (Rsv1-n), V229 (Rsv3), V97-9003 (Rsv4), and their F 1 plants from crosses with Essex (rsv1). Eight seeds were sown in a 15-cmdiameter plastic pot containing Ready EarthÒ potting soil mix in the greenhouse, and 3 pots were used for each genotype. At the Vc stage, 2 cotyledons of each F 1 plant were collected and used for confirmation of hybrid using polymorphic simple sequence repeat markers between the parents. Both unifoliolate leaves of each testing plant were inoculated with G1 or G7 strain, and Essex plants mock inoculated with potassium phosphate buffer (pH 7.2) served as control. Then, the inoculated plants were immediately transferred into the growth chamber at 12-h photoperiod and subjected to a constant temperature regime of 28, 29, 30, 31, 32, 33, or 37°C ; temperature setting in the growth chamber was checked with thermometer. A similar set of the homozygous and heterozygous plants for each resistance gene of interest were grown in the greenhouse (20-25°C temperature and a 12-h photoperiod) and served as controls. Inoculated plants were monitored regularly for symptom development for 3-4 weeks after inoculation. The symptoms on each genotype were classified as symptomless or health (H), necrosis (N), mosaic (M), or mixed necrosis and mosaic (N-M).
Mechanical inoculation procedures were conducted according to the methods described by Chen et al. (1991) and Zheng et al. (2005) . Virus inoculum obtained from infected source plants was prepared by grinding systemically infected leaves with a mortar and pestle in 0.05 M potassium phosphate buffer (pH 7.2) at an approximate dilution of 1:10 (w/v). Inoculations were performed by rubbing the inoculum onto both unifoliolate leaves of each plant predusted with carborundum. Presence of virus in the inoculated plants was determined by ELISA about 3 weeks after inoculation (Edwards and Cooper 1985) . The top trifoliolate leaves from all plants with the same reaction in each pot were bulked as one sample for ELISA. Plants were considered positive for SMV when ELISA absorbance values (A 405 nm) were at least 3 times greater than the healthy controls.
Results

Effect of Temperature on Symptom Expression in Soybean Plants Susceptible to G1 or G7
Under greenhouse conditions (20-25°C, 12-h photoperiod) in this study, Essex (rsv) plants inoculated with SMV strain G1 or G7 showed typical mosaic symptoms on the first trifoliolate leaves while subsequent trifoliolate leaves were chlorotic, rugose, curled, and stunted. However, the susceptible reaction with mosaic symptoms on Essex varied with SMV strains and temperature changes in the growth chamber (Table 2 ). In the 28°C growth chamber, mosaic symptoms in G7-infected Essex plants were more obvious and severe than those in G1-infected Essex plants. As temperature was increased in the growth chamber, mosaic symptoms on upper leaves of Essex plants became less obvious and mild mosaic symptoms appeared only on the older leaves. When temperature reached 31°C for G1 and 37°C for G7, no mosaic symptoms were observed on either young or old leaves (Table 2) . When these symptomless plants were moved to the 25°C growth chamber, mosaic symptoms appeared rapidly on all leaves but severity of symptoms decreased with the age of leaves. SMV was detected by ELISA in all Essex plants inoculated with G1 or G7 strain with or without mosaic symptoms at all temperature settings.
Effect of Temperature on Necrotic Symptom Expression in Soybean Plants Carrying Rsv1
When inoculated with SMV-G7, plants of V94-3971 (Rsv1Rsv1) and the F 1 hybrid (Rsv1rsv1) of V94-3971 Â Essex showed typical STN in the greenhouse (20-25°C) and growth chamber (28 and 29°C) ( Table 2) . At 30°C, the first trifoliolate leaves of V94-3971 and V94-3971 Â Essex F 1 plants developed pinpoint mosaic and successive trifoliolate leaves exhibited large mosaic islands. Mosaic symptoms were maintained in V94-3971 plants at 30-32°C Goodman (1979, 1982) R N Kiihl and Hartwig (1979) Chen et al. (1991) Ogden (Rsv1-t) Kiihl and Hartwig (1979 and in V94-3971 Â Essex F 1 plants at 30-33°C. V94-3971 plants became symptomless at both 33 and 37°C, whereas V94-3971 Â Essex F 1 plants were symptomless only at 37°C. When the symptomless plants were transferred to the 25°C growth chamber, severe mosaic symptoms developed on leaves after 24 h. The severity of mosaic symptoms increased from the bottom to top of the plants, and new leaves were distorted with dark green puffy area. Virus was detected by ELISA in all plants that showed mosaic or were symptomless. Under greenhouse conditions (20-25°C, 12-h photoperiod), PI 96983 (Rsv1) plants inoculated with G7 showed mosaic symptoms on the first trifoliolate leaf, followed by STN and finally plant death. Within a temperature range of 28-32°C in the growth chamber, inoculated PI 96983 plants always exhibited STN and eventually died. At the temperatures of 33 and 37°C, symptoms in PI 96983 changed from STN to mosaic. The Essex Â PI 96983 F 1 plants showed STN in the greenhouse (20-25°C) and in the growth chambers at 28-30°C. Mosaic symptoms occurred at 33°C, but plants were symptomless at 37°C. At 31 and 32°C, a chimaeric phenotype with mixed necrotic and mosaic symptoms was observed in the Essex Â PI 96983 F 1 plants that is characterized with necrosis and death of first trifoliolate leaf and the subsequent trifoliolate leaves showing necrotic lesions mixed with dark green puffy area. When the symptomless Essex Â PI 96983 F 1 plants were moved from the 37 to the 25°C growth chamber, severe mosaic symptoms developed after 24 h. Virus was detected by ELISA in PI 96983 and the hybrid plants at all temperature regimes (Table 2) .
Effect of Temperature on Necrotic Symptom Expression in Soybean Plants Carrying Rsv1-n
Plants of V262 inoculated with G1 showed a stable STN without emergence of new leaves on the top of the stem, but new size-reduced mosaic leaves formed at the cotyledonary nodes in the greenhouse and in the growth chambers with temperatures at or below 32°C (Table 2) . V262 exhibited mosaic symptoms at both 33 and 37°C. The V262 Â Essex F 1 plants consistently showed mixture of STN and mosaic symptoms under greenhouse conditions and in the growth chambers at or below 31°C. However, this chimaeric necrosis mixed with mosaic symptoms in the F 1 plants changed to complete mosaic in new leaves formed at 32-33°C, and the heterozygous plants of V262 Â Essex F 1 became symptomless at 37°C. SMV was detected in inoculated V262 and the F 1 plants with or without symptoms regardless of growth temperatures. Phenotypic difference was observed between V262 (Rsv1-n) and the V262 Â Essex F 1 plants.
Effect of Temperature on Resistance Expression in Soybean Plants Carrying Rsv3 and Rsv4
No symptom of infection was observed in V229 (Rsv3), V97-9003 (Rsv4), and their F 1 progeny inoculated with G1 or G7 (Table 2) , and no virus was detected by ELISA. These results indicated that Rsv3 and Rsv4 were completely dominant genes conditioning resistant reaction to SMV in both homozygous and heterozygous genotypes.
Discussion
SMV-Induced Mosaic Symptoms Affected by Temperature in Susceptible Plants
Essex showed typical mosaic symptoms when inoculated either with G1 or with G7 in the greenhouse and in the growth chamber with constant temperatures ranging from 28 to 30°C for G1 and from 28 to 33°C for G7, but symptoms were masked at or above 31°C for G1 and at 
a GC, growth chamber with 12-h photoperiod and a series of constant temperatures; N-M, a chimaeric reaction with necrosis mixed with mosaic symptoms (first trifoliolate with necrosis dying off and subsequent leaves exhibiting necrotic lesions and mosaic-like symptoms); M, mosaic symptoms; H, healthy (symptomless). b GH, greenhouse conditions at 14-h photoperiod and 20-25°C temperature; þ 5 presence of SMV by ELISA, À 5 absence of SMV by ELISA.
37°C for G7. Johnson (1922) also indicated that the optimal temperature for symptom expression of soybean mosaic was 20-25°C, but symptoms were inhibited at 26-28°C. In another study, Conover (1948) reported that mild or no mosaic symptoms appeared at 29.5°C in soybean plants inoculated with SMV. The different temperature threshold required for the change in symptoms may be associated with specific host genotype and the SMV strain used, as demonstrated in this study by the differences in symptom severity of Essex plants infected with the G1 strain compared with symptoms caused by the G7 strain. Plants with symptoms masked at higher temperatures showed rapid reversion to severe mosaic symptoms when moved to 25°C in the growth chamber, whereas the virus was detected in both symptomless and mosaic plants at all temperature regimes. Conover (1948) reported that SMV was recovered from the symptomless, inoculated primary leaves of certain varieties of garden bean. These results indicated that appearance of symptoms on the leaves of infected plants was related with the presence of SMV, but symptomless of plants did not indicate the absence of virus. High temperature may have some impact on virus replication and movement and therefore prevent symptoms from expression but will not eliminate virus from the host plant.
In another study, an avirulent G2 strain of SMV was recovered at a higher temperature (20°C) from the resistant plants as demonstrated by a local lesion assay, although SMV coat protein could not be detected by ELISA and tissue blotting (Mansky et al. 1991) . In contrast, SMV could not be recovered in a susceptible genotype inoculated with sap of symptomless leaves of a resistant plant inoculated with SMV ). Recoverability of SMV from susceptible soybean plants portends activity of virus, although at a relatively low level, in symptomless plants. Movement and duplication of virus is perhaps delayed or restricted in resistant plants, which may result in low virus titer. Although detected in the bean variety Top Crop, virus was not recovered in soybean plants nor was it detected by ELISA in resistant plants (Mansky et al. 1991 ). It appears that in the soybean Â SMV system, virus replication and movement are inhibited in plants with resistance genes.
Temperature Effect on SMV-Induced Symptoms in Plants with Homozygous and Heterozygous Resistance Genes
Although the threshold temperatures for symptom change from STN to mosaic for both V94-3971 and (V94-3971 Â Essex) F 1 were the same at 30°C, change of symptoms from mosaic to no symptoms occurred at 33°C for V94-3971 but at 37°C for V94-3971 Â Essex F 1 , indicating the dominant effect at higher temperatures and there might be different genetic mechanisms for the symptom changes from STN to mosaic and from mosaic to symptomless. These results demonstrate that moderately high temperatures (30-33°C) prevent the virus from killing the host plants and allow virus to duplicate and move systemically in the plants. However, extremely high temperatures (33-37°C) will in turn prohibit virus replication and movement, resulting in no foliar symptoms of infection. We also observed that symptom changes occurred in PI 96983 and Essex Â PI 96983 F 1 were slightly different from those in V94-3971 and V94-3971 Â Essex F 1 . Symptoms changed from STN to mosaic at 33°C and remained mosaic at 37°C for PI 96983, whereas the Essex Â PI 96983 F 1 symptoms changed from STN to a necrosis-mosaic chimaera at 31°C, then to mosaic at 33°C, and finally to symptomless at 37°C. These results demonstrate that symptom expression of Rsv1 in PI 96983 was affected by a gene dosage effect, that is, in codominant alleles, the more or less linear relationship between the phenotypic value and the number of genes of one type substituted by another type. Obviously, the phenotypic differences at different temperatures are associated with genotypic heterozygosity.
V94-3971 and PI 96983 both carry homozygous Rsv1Rsv1 alleles but exhibit different SMV symptom patterns in response to temperature. V94-3971 showed a symptom changing from STN to mosaic at 30°C and to symptomless at 33°C, whereas PI 96983 symptoms changed from STN to mosaic at 33°C and remained mosaic even at 37°C. V94-3971 inherited its resistance gene Rsv1 from PI 96983 via Epps according to the pedigree analysis, therefore, the different SMV reactions in response to temperature between V94-3971 and PI 96983 are likely due to the differences in nucleic and cytoplasmic genetic background. Both V94-3971 Â Essex F 1 and EssexÂ PI 96983 F 1 exhibited similar SMV reactions at all temperature regimes except between 30 and 32°C; V94-3971 Â Essex F 1 showed mosaic symptoms at 30-32°C, whereas Essex Â PI 96983 F 1 showed STN at 30°C and a necrosis-mosaic chimaeric symptom at 31-32°C. This may be attributed to the differences in genetic background. V94-3971 is an isoline of Essex, whereas PI 96983 is a completely different line as compared with Essex.
Symptomless plants containing Rsv1 in either homozygous or heterozygous state showed a rapid reversion of severe mosaic symptoms when moved from 33 or 37 to 25°C, although virus was detected by ELISA at the symptommasking temperature. These results suggest that virus still duplicated in the inoculated plants, but SMV-induced symptoms were somehow inhibited at the high temperatures. Once these plants are transferred to the preferable temperature conditions for expression of symptoms by SMV, latent virus particles existing in leaves erupt and hinder the growth of plants, resulting in a rapid and severe expression of mosaic symptoms. This temperature sensitivity and gene dosage effect on symptom expression appears to be associated with alleles at the Rsv1 locus either in the homozygous or in the heterozygous state.
V262 (Rsv1-n) and V262 Â Essex F 1 showed a similar threshold temperature (32-33°C) for symptom change from STN to mosaic. However, heterozygous plants exhibited a mixture symptom (N-M) characterized by a necrosis-mosaic chimaera rather than complete STN at or below 31°C. At 37°C, the homozygotes still showed mild mosaic symptoms, whereas the heterozygotes were symptomless, indicating a gene dosage effect of Rsv1-n on symptom expression. Virus was present in both homozygous and heterozygous plants with or without symptoms, as indicated by ELISA. V262 (Rsv1-n) and PI 96983 (Rsv1) behaved similarly in response to SMV infection at all temperature regimes used in this study, and both had the same threshold temperature (33°C) for symptom changing from STN to mosaic. However, the heterozygous plants of Essex Â PI 96983(Rsv1) showed STN below 31°C and necrosis-mosaic symptoms appeared between 31 and 32°C, whereas the heterozygous plants of V262(Rsv1-n) Â Essex showed necrosis-mosaic symptoms below 32°C and no STN symptoms at any temperature setting. This may be due to the interaction of specific genotype and SMV strains. Nevertheless, both genes appeared to be temperature sensitive in conferring the necrotic reaction to SMV.
Both V262 (Rsv1-n) and V94-3971 (Rsv1) are isolines of Essex but exhibited different SMV reaction patterns at different temperatures. There was also a 2°C difference in threshold temperature for symptom changing from STN to mosaic between the 2 genotypes. Additionally, in the homozygous state, buds above G1-inoculated unifoliate leaves died after infection with the virus and new distorted leaves emerged from cotyledonary nodes in V262; however, new distorted leaves developed from the unifoliate leaf nodes of V94-3971 plants inoculated with G7. The mosaic symptoms in V262 were more severe than in V94-3971. Thus, in the same genetic background, different genes appear to affect symptom expression in response to temperature and SMV strains.
Temperature is a major environmental factor affecting the expression of necrotic reaction to virus infection, and high temperature has been reported to induce a switch from a necrotic reaction to mild systemic symptoms in other systems. Samuel (1931) first reported that at 35°C, tobacco mosaic virus (TMV) produced chlorotic lesions and systemic mottling in Nicotiana glutinosa compared with necrotic local lesions, which were typical at lower temperatures. Later, the threshold temperature for symptoms change between necrotic and susceptible to TMV was shown to be 36°C by Kassanis (1952) . The induction of hypersensitive reaction in tobacco breeding line L8 was resistant (necrotic reaction on the inoculated leaves and the absence of systemic infection) to tobacco ringspot virus at 24°C, but plants became systemically infected (faint oak leaf and chlorotic ring patterns) at 35°C (Hendrix 1972) . A constant high temperature of 33°C caused systemic infection in Capsicum chinense PI 152225 by tomato spotted wilt virus (TSWV), under greenhouse conditions, whereas all plants inoculated with TSWV reacted hypersensitively (necrotic local lesion) at 18-24°C (Roggero et al. 1996) .
Common bean (Phaseolus vulgaris L.) plants developed tip necrosis between 16 and 24°C when infected with bean yellow mosaic virus but exhibited yellow mosaic symptoms and little or no tip necrosis at 28 and 32°C (Tu 1989) . However, the expression of necrosis in common bean to bean common mosaic virus, blackeye cowpea mosaic virus, cauliflower mosaic virus, and watermelon mosaic virus occurs only at high temperatures (above 30°C) (Kyle and Provvidenti 1993) . A single dominant factor Hss was found to condition a rapid lethal necrosis response to SMV in common bean cv. Black Turtle Soup and line BT-1, regardless of ambient temperature (Kyle and Provvidenti 1993) . In a sequential double inoculation study (Lee and Ross 1972) , soybean plants inoculated with SMV 1 week prior to bean pod mottle virus inoculation often developed STN. Favorable conditions for STN in double-infected plants included diurnally fluctuating (27-21°C) and constant (27°C) temperatures, inoculation of seedlings rather than older plants, and use of inoculum containing high SMV titers.
V229 (Rsv3), V94-9003 (Rsv4), and the heterozygous progeny plants showed no signs of infection at any of the temperature regimes used in this study, and no virus was detected in the inoculated plants. These results indicated that Rsv3 and Rsv4 are completely dominant genes that do not have a dosage effect on phenotypes and are not temperature sensitive in conferring SMV reactions. In addition, Rsv3 and Rsv4 in either homozygous or heterozygous state are not associated with necrosis in relation to any strain of SMV or at any temperature. In contrast, the Rsv1 alleles exhibit a dosage and temperature effect on SMV symptom expression. Rsv1 alleles also potentially give rise to STN in either homozygous or heterozygous state. Therefore, Rsv3 and Rsv4 are a better choice as source of genetic resistance for breeding SMV-resistant cultivars that are particularly valuable in the area where necrotic SMV strains tend to be prevalent.
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